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(54) Title: WAVEGUIDE FOR AN OPTICAL CIRCUIT AND METHOD OF FABRICATION THEREOF 

(57) Abstract 

A waveguide for an 
optical circuit comprises a 
substrate; a buffer layer formed 
on the substrate; a doped 
lower cladding layer formed 
on the buffer layer, a doped 
waveguide core formed on the 
lower cladding layer, and a 
doped upper cladding layer 
embedding the waveguide core. 
The waveguide core includes 
mobile dopant ions which 
have diffused into the upper 
cladding layer and the lower 
cladding layer to form an ion 
diffusion region around said 
waveguide core such that the 
waveguide core boundary walls 
are substantially smooth. A 
waveguide core may be formed 

which is substantially symmetric about its core axis. Methods of fabricating the waveguide are also described. 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-80 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-80 

Industrial applicability (IA) Yes: Claims 1-80 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/G BOO/00322 
EXAMINATION REPORT - SEPARATE SHEET 



Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 
D1: JP(A) 59137346 

D2: leee Photonics Technology Letters.us.ieee Inc. New York (01-08-1992), 
4(8), 875-877 

D3: IBM Technical Disclosure Bulletin.us.ibm Corp. New York (01-08-1990), 

33(3 A), 199- 

D4: JP(A) 60191208 

D5: JP(A) 62124511 



1 . Document D1 , which is considered to represent the most relevant state of the art, 
discloses a waveguide comprising: 

- a substrate, 

- a lower cladding layer 

- a doped waveguide core formed on the lower cladding 

- an upper cladding layer embedding the waveguide core 

- wherein the waveguide core includes mobile dopant ions which have diffused 
into the upper and lower cladding layers forming a waveguide core having smooth 
boundary walls. 

from which the subject-matter of claim 1 differs in that the lower and upper 
cladding layers are doped. 

As explained in the description of the application, the doping of the cladding layers 
permits the control of the dopant diffusion (page 3, line 33 to page 4, line 2 of the 
description). 

However, it is well known to a skilled person, that the diffusion of a dopant in a 
material depends on the concentration of dopant within this material (see in 
particular document D2). A skilled person would adjust the concentration 
depending of the parameters he wants to obtain. 

Claim 1 further precises that the lower layer is a deposited layer. This feature is 
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only an obvious possibility for the fabrication of the lower layer. A deposited layer 
and the adjustment of the dopant concentration are independent features and 
their combination does not lead to any particular surprising or unexpected effect. 
The subject-matter of claim 1 can not be considered as involving an inventive step 
(Art. 33.2 PCT). 

2. For the same reason, the subject-matter of claim 30 does not involve an inventive 
step. 

3. It would appear that the dependent claims do not define subject-matter which is 
inventive, since their structural features are either known from documents cited in 
the search report or obvious modifications (see passages cited in the international 
search report). 

Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1, D2 is not mentioned in the description, nor are 
these documents identified therein. 

2. Independent claims 1 and 30 are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D1) being placed in the 
preamble (Rule 6.3(b)(i) PCT) and with the remaining features being included in 
the characterising part (Rule 6.3(b)(ii) PCT). 

3. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 



Re Item VIII 

Certain observations on the international application 

1 . The "spirit clause" (page 20 and 21 ) should have been deleted as its presence in 
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the description serves only to cast unnecessary doubt upon the intended scope of 
the claims (art. 6 PCT) 



2. As they refer to a buffer layer, claims 7, 8, 9 should have been dependent on 
claim 5 and claims 36, 42, 43, 44 on claim 35. Claim 62 should also have been 
dependent on claims referring to a buffer layer. This inconsistency in the claim 
dependency leads to unclarity (Art. 6 PCT). 
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1 A waveguide for an optical circuit comprising-, 
a substrate; 

a deposited doped lower cladding layer; 

a doped waveguide core formed from a layer of doped 
material deposited on the lower cladding layer; and 

a deposited doped upper cladding layer embedding the 
waveguide core; 

wherein the waveguide core includes mobile dopant ions 
which have diffused from the deposited doped material of 
the waveguide core into the upper cladding layer and the 
lower cladding layer to form an ion diffusion region around 
said doped waveguide core such that the waveguide core 
boundary walls are substantially smooth. 

2. A waveguide as claimed in Claim 1, wherein the ion 
diffusion region is isotropic with respect to the waveguide 
core, such that the waveguide core is substantially 
symmetric about the core axis. 

3. A waveguide as claimed in either Claim 1 or Claim 2, 
wherein the ion diffusion region surrounding the waveguide 
core forms a substantially rounded waveguide core. 

4. A waveguide as claimed in Claim 3, wherein the rounded 
waveguide core is elliptical or circular in cross -sect ion. 

5- A waveguide as claimed in any one preceding claim, 
further including a buffer layer formed on the substrate 
and wherein the lower cladding layer is formed on the 
buffer layer. 
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6. A waveguide as claimed in any one preceding claim, 
wherein the substrate comprises silicon and/or silica 
and/or sapphire. 

7. A waveguide as claimed in Claim 6, wherein said buffer 
layer includes a thermally oxidised layer of the substrate. 

8. A waveguide as claimed in any preceding claim, wherein 
the buffer layer comprises doped silica. 

S. A waveguide as claimed in any preceding claim, wherein 
the rhickness of the buffer layer is in the range 0.2 m to 
20 m. 

10. A waveguide as claimed in any preceding claim, wherein 
che lower cladding layer comprises doped silica. 

11. A waveguide as claimed in any preceding claim, wherein 
che lower cladding layer includes at least one Phosphorus 
oxide and/or at least one Boron oxide. 

12. A waveguide as claimed in Claim 11, wherein the lower 
cladding layer includes at least one Phosphorus oxide and 
at least one Boron oxide and wherein che Phosphorus oxide 
co Boron oxide ratio is sueh that the lower cladding layer 
refractive index is substantially equal to the refractive 
index of the buffer layer. 

13 . a waveguide as claimed in any preceding claim, wherein 
che lower cladding layer includes doped silica, at least 
one Phosphorus oxide and at least one Boron oxa.de and 
wherein che silica: Phosphorus oxide :Boron oxide ratio is in 
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the range of 75 no 95 wt% silica: 1 co 7 wc% Phosphorus 
oxxde:4 co 18 wc% Boron oxide. 

14. A waveguide as claimed in Claim 13, wherein the lower 
cladding layer has a silica: Phosphorus oxide :Boron oxide 
ratio in che range of 80 co 90 wc% silica:2.5 co 6 wt% 
Phosphorus oxide: 7.5 co 14 wc% Boron oxide. 

is. A waveguide as claimed in Claim 14, wherein che lower 
cladding layer has a silica; co Phosphorus oxide; co Boron 
oxide racio of 82 wt% silica; co S wc% Phosphorus oxide; co 
13 wc% Boron oxide. 

16. A waveguide as claimed in any preceding claim, wherein 
che thickness of che lower cladding layer is 1 m co 20 m. 

17. A waveguide as claimed in any preceding claim, wherein 
che waveguide core comprises doped silica. 

18. A waveguide as claimed in any preceding claim, wherein 
said mobile dopanc ions of che waveguide core include 
Phosphorus and/or Fluorine and/or compounds of chese 
elements . 

19. A waveguide as claimed in any preceding claim, wherein 
dopant ions of che waveguide core include Phosphorus and/or 
Fluorine and/or Aluminium and/or Boron and/or Germanium 
and/or Tin and/or Ticanium and/or compounds of chese 
elements . 
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20. A waveguide as claimed in any preceding claim, wherein 
the waveguide core includes Phosphorus oxide and/or Boron 



21. A waveguide as claimed in Claim 20, wherein the 



22. A waveguide as claimed in any preceding claim, wherein 
the refractive index of the waveguide core differs from 
that of the lower cladding layer by at least 0.0S%. 

23. A waveguide as claimed in any preceding claim, wherein 
the waveguide core includes silica, and at least one 
Phosphorus oxide and wherein the silica to Phosphorus oxide 
ratio is in the range of 75 to 95 wt% silica to S to 25 wt% 
Phosphorus oxide. 

24. A waveguide as claimed in claim 23, wherein the 
waveguide core has a silica to Phosphorus oxide ratio of BO 
wt% silica to 20 wt% Phosphorus oxide. 

25. A waveguide as claimed in any preceding claim, wherein 
the thictaiess of the waveguide core is in the range 2 m to 
60 m- 

26. A waveguide as claimed in Claim 25, wherein the 
thickness of the waveguide core is 6 m. 

27. A waveguide as claimed in any preceding claim, wherein 
the lower cladding layer and the upper cladding layer 
refractive indices are substantially equal. 



oxide. 



waveguide core comprises P 2 0 6 -SiOa. 
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28. A waveguide as claimed in any preceding claim, wherein 
the lower cladding layer and the upper cladding layer 
comprise che same material . 

29. A waveguide as claimed in any preceding claim, wherein 
the waveguide core has a mobile ion dopant concentration 
higher than the mobile ion dopant concentration of the 
lower cladding layer or the upper cladding layer. 



30. A method of fabricating a waveguide comprising the 

steps of: 

providing a substrate; 

forming a doped lower cladding layer by deposition; 
forming a doped core layer deposited on the lower 

cladding layer; 

forming a waveguide core from the core layer; 

depositing a doped upper cladding layer to embed the 
waveguide core; and 

causing mobile ion dopants included in the core layer 
to undergo diffusion from the waveguide core into the 
surrounding upper cladding layer and lower cladding layer 
to form an ion diffusion region around the waveguide core 
such chat the waveguide core boundary walls are 
substantially smooth. 

31. A method as claimed in Claim 30, wherein the diffusion 
of the said mobile dopant ions from the waveguide core is 
such that a waveguide core is formed which is substantially 
symmetric about the core axis. 
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32. A method as claimed in either Claim 30 or 31, wherein 
che diffusion of the said mobile dopant ions from the 
waveguide core swells the boundary walls of the waveguide 

core. 

33. A method as claimed in Claim 32. wherein the diffusion 
of the said mobile dopant ions swells the boundary walls of 
che waveguide core to form a substantially rounded 
waveguide core. 

34. A method as claimed in Claim 33. wherein the rounded 
waveguide core is elliptical or circular in cross -section. 

35. A method as claimed in any one of Claims 30 to 34. and 
including the step of forming a buffer layer on the 
substrate . 

36. A method as claimed in Claim 35. wherein the lower 
cladding layer is formed on said buffer layer- 

37. A method as claimed in any of Claims 3 0 to 36, wherein 
che steps of forming each of the lower cladding layer, the 
core layer and the upper cladding layer comprise the steps 

Of: 

depositing each layer; and 

at least partially consolidating each layer. 

38. A roechod as claimed in Claim 37, wherein any of the 
lower claddzng layer, the core layer and the upper cladding 
layer partially consolidated after deposition is fully 
consolidated with the full consolidation of any other of 
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the lower cladding layer, the core layer or che upper 
cladding layer. 

39. A method as claimed in any of Claims 30 to 38, 
wherein the diffusion of mobile ion dopant3 in the core 
layer occurs during the consolidation of the lower cladding 
layer and/or the upper cladding layer. 

40. A method as claimed in any of Claims 30 to 39 further 
comprising at least one thermal processing step after the 
formation of the upper cladding layer, wherein during said 
thermal processing of the waveguide the mobile ion dopants 
in the core layer undergo diffusion into the surrounding 
layers . 

41. A mechod as claimed in any of Claims 30 to 40, wherein 
che substrate comprises silicon and/or silica and/or 
sapphire . 

42. A method as claimed in any of Claims 30 to 41, wherein 
the buffer layer includes a thermally oxidised layer of the 
substrate. 

43. A method as claimed in any of Claims 30 to 42, wherein 
the buffer layer comprises doped silica. 

44. A method as claimed in any of Claims 30 to 43, wherein 
che thickness of the buffer layer formed is in the range of 
0.2 m to 20 m. 

45. A method as claimed in any one of Claims 30 to 44. 
wherein che lower cladding layer comprises doped silica. 
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46. A method as claimed in any one of Claims 30 to 45, 
wherein the lower cladding layer includes at least one 
Phosphorus oxide and/ or Boron oxide. 

47. A method as claimed in Claim 46, wherein the lower 
cladding layer includes an least one Phosphorus oxide and 
at least one Boron oxide and wherein the Phosphorus oxide 
to Boron oxide ratio is such that the lower cladding layer 
refractive index is substantially equal to the refractive 
index of the buffer layer. 

48. A method as claimed in any of Claims 30 to 47, wherein 
the lower cladding layer includes silica, at least one 
Phosphorus oxide and at least one Boron oxide and wherein 
the silica; to Phosphorus oxide; to Boron oxide ratio in 
the range of 75 to 95 wt% silica; to 1 to 7 wt% Phosphorus 
oxide; to 4 to 18 wt% Boron oxide. 

49. A method as claimed in Claim 48, wherein the lower 
cladding layer has a silica; to Phosphorus oxide? to Boron 
oxide ratio in the range of 80 to 90 wt% silica; to 2-5 to 
6 wt% Phosphorus oxide; to 7 . 5 to 14 wt% Boron oxide - 

50. A method as claimed in Claim 51, wherein the lower 
cladding layer has a silica; to Phosphorus oxide; to Boron 
oxide ratio of 82 wt% silica; to 5 wt% Phosphorus oxide; to 
13 wt% Boron oxide. 

51. A method as claimed in any of Claims 30 to 50, wherein 
the thickness of the lower cladding layer is l m to 20 m. 
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52. A method as claimed in any of Claims 30 co 51, wherein 
the core layer comprises doped silica. 

53. A method as claimed in any of Claims 30 co 51, wherein 
said mobile dopant ions of che waveguide core include 
Phosphorus and/or Fluorine and/or compounds of these 
elements . 

54. A method as claimed in any of Claims 30 co 53. wherein 
dopant ions of the waveguide core include Phosphorus and/or 
Fluorine and/or Aluminium and/or Boron and/or Germanium 
and/or Tin and/or Ticanium and/or compounds of chese 
elements . 

55. A method as claimed in any of Claims 30 to S4, wherein 
che core layer includes phosphorus oxide and/or Boron 
oxide. 

56. A mechod as claimed in claim SS, wherein che core 
layer comprises PaOs-SiOs. 

57. A method as claimed in any of Claims 3 0 to 56, wherein 
che refraccive index of the waveguide core differs from 
chat of the lower cladding layer by ac least 0.05%. 

58. A method as claimed in any of Claims 30 to 57, wherein 
che waveguide core includes silica and at least one 
Phosphorus oxide and wherein the silica to Phosphorus oxide 
ratio is in the range of 75 to 95 wt% silica to 5 to 25 wt% 
Phosphorus oxide « 
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59. A method as claimed in Claim 58, wherein the waveguide 
core has a silica to Phosphorus oxide ratio of 80 wt% 
silica to 20 wt% Phosphorus oxide. 

D „. A method as claimed in any of Claims 30 to 59, wherein 
che thickness of the waveguide core is in the range 2 m to 



60 
th 
60 m 



61. A method as claimed in Claim 60, wherein the thickness 
of the waveguide core is 6 m. 

62. A method as claimed in any of claims 35 to 51, 
wherein said lower cladding layer and said buffer layer are 
formed substantially in the same step. 

63. A method as claimed in any of claims 37 to 62, wherein 
the consolidation of the lower cladding layer is at a 
temperature or temperatures in the range 950*C to 1400-C. 

64. A method as claimed in Claim 63, wherein the 
consolidation of the lower cladding layer is at a 
temperature or temperatures in the range ii00-C to MS0-C. 



65. 



A method as claimed in any of Claims 37 to 64, wherein 
the consolidation of the core layer is at a temperature or 
temperatures in the range 950"C to 1400-C. 

66. A method as claimed in Claim 65, wherein the 
consolidation of the core layer is at a temperature or 
temperatures in the range 1100'C to 1385*C. 
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67. A method as claimed in any of Claims 37 to 66, wherein 
the consolidation of the upper cladding layer is at a 
temperature or temperatures in the range 950°c to 1400«C. 

68. A method as claimed in Claim 67, wherein the 
consolidation of the upper cladding layer is at a 
temperature or temperatures in the range 1100°C to 13S0°C. 

69. A method as claimed in any of Claims 37 to 68, wherein 
the temperature or temperature range at which the lower 
cladding layer is consolidated is greater than the 
temperature or temperature range at which the core is 
consolidated . 

70. A method as claimed in any of Claims 37 to 69, wherein 
the temperature or temperature range at which the upper 
cladding layer is consolidated is substantially equal to 
the temperature or temperature range at which the core 
layer ie consolidated. 

71. A method as claimed in any of Claims 37 to 69, wherein 
at least one of the lower cladding layer, the core layer, 
and the upper cladding layer is deposited by a Flame 
Hydrolysis Deposition process and/or Chemical Vapour 
Deposition process. 

72. A method as claimed in Claim 71, wherein the Chemical 
Vapour Deposition process is a Low Pressure chemical Vapour 
Deposition process or a Plasma Enhanced Chemical Vapour 
Deposition process. 
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73. A method as claimed in any of claims 37 to 72, 
wherein the consolidation is by fusing using a Flame 
Hydrolysis Deposition burner - 

74. a method as claimed in any of Claims 37 to 72, wherein 
che consolidation is by fusing in a furnace. 

75. A method as claimed in either of Claims 73 or 74, 
wherein the step of fusing the lower cladding layer and the 
step of fusing the core layer are performed simultaneously. 

76. A method as claimed in any of claims 30 to 7S, wherein 
che ion diffusion region is isotropic with respect to the 
waveguide core. 

77. A method as claimed in any of Claims 30 to 76, wherein 
the waveguide core formed from the core layer is square or 
rectangular in cross -sect ion. 

78. A waveguide as claimed in any one of Claims 1 to 29, 
wherein the waveguide core formed from the core layer is 
square or rectangular in cross-section- 

79. A method as claimed in any of Claims 30 to 78. wherein 
the waveguide core is formed from the core layer using a 
dry etching technique and/or a photolithographic technique 
and/ or a mechanical sawing process. 

80. A method as claimed in Claim 79, wherein the dry 
etching technique comprises a reactive ion etching process 
and/or a plasma etching process and/or an ion milling 
process . 
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